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Previewsto binding specificity could play a key role
in defining function, in essence enhancing
the functional specificity and possibly nar-
rowing the gap between target prediction
and target validation. Several predictions
arise from this hypothesis. First, mutating
the sequence of degenerate nucleotides
in validated targets should affect regula-
tion without affecting binding. Second,
differences in the consensus elements
should become apparent by comparing
targets classified by activity. Finally,
swapping motifs from one target to
another should change how the target is
regulated. Because numerous tools have
been developed to study PUF protein
function in several model organisms,
these predictions will likely be put to the
test in the near future.
In conclusion, by revealing how degen-
eracy in PUF protein RNA recognition is
accomplished at the atomic level, Lu and
Hall (2011) identify a possible mechanism
through which the disparity between RNA
binding activity and regulatory activitycould be resolved. The work by Lu and
Hall makes several testable predictions,
setting the stage for future work that will
enhance our understanding of both the
ways in which RNA binding protein
targets are selected and how resultant
regulation occurs. Again and again, as
we aim to understand how RNA regula-
tory proteins achieve target specificity,
we are learning that relative binding
affinity is only part of the story.ACKNOWLEDGMENTS
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In this issue, Yang et al. (2011) show that the 30 end processing factor CFIm interacts with RNA in manner that
facilitates RNA looping, suggesting mechanistic roles for this factor in the regulation of poly(A) site selection.The 30 ends of nearly all eukaryotic
mRNAs are generated by endonucleolytic
cleavage of the pre-mRNA and the addi-
tion of a nontemplated poly(A) tail. This
reaction defines the 30 ends of transcripts,
lends stability to the mRNA, and activates
RNA polymerase II transcription termina-
tion. While it has been known for decades
that the vast majority of mRNAs contain
poly(A) tails, it has only recently become
clear that alternative polyadenylation is
widespread (Jan et al., 2010; Mangone
et al., 2010; Ozsolak et al., 2010; Shepardet al., 2011). Similar to alternative splicing,
alternative polyadenylation enhances
mRNA diversity and can have a profound
impact on mRNA stability and/or
translation.
The seemingly simple task of pre-
mRNA cleavage and polyadenylation is
carried out by a bewilderingly complex
collection of proteins. Indeed, a recent
mass spectrometry analysis of the human
30 processing machinery identified 85
proteins involved in this reaction (Shi
et al., 2009). The main components ofthe 30 end formation machinery include
cleavage and polyadenylation specificity
factor (CPSF), cleavage stimulatory factor
(CstF), cleavage factors Im and IIm (CFIm
and CFIIm), poly(A) polymerase (PAP),
and poly(A) binding protein II (PABII).
CPSF and CstF bind to the AAUAAA hex-
amer and U/GU-rich sequence elements
that straddle the cleavage site, respec-
tively. These two complexes contain
a total of seven polypeptides, one of
which is the endonuclease responsible
for cleaving the pre-mRNA (Mandelª2011 Elsevier Ltd All rights reserved 279
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Figure 1. Structure of the CFIm25/CFIm68/RNA
Complex
The CFIm25 subunits are indicated in yellow, while the
CFIm68 subunits are depicted in magenta. The UGUA
RNA bound to each of the CFIm25 subunits are indicated
in red, and the 50 and 30 ends of each molecule are indi-
cated. The proposed trajectory of a looped RNA containing
multiple UGUA motifs is indicated by the dashed red line.
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Previewset al., 2006). However, additional
factors are required for the reaction.
CFIm is another multisubunit complex
consisting of two 25 kDa subunits
(CFIm25) and two 68 kDa subunits
(CFIm68) required for the cleavage
reaction. While the functions of
CPSF, CstF, PAP, and PABII are fairly
well understood, the role of CFIm in 3
0
end formation has been more elusive.
In 2003, Brown and Gilmartin used
SELEX to determine that CFIm binds
specifically to RNAs containing
UGUA repeats (Brown and Gilmartin,
2003).Whilemost human poly(A) sites
contain an AAUAAA hexamer,
approximately 25% do not. Interest-
ingly, many poly(A) sites that lack the
AAUAAA hexamer contain UGUA
sequences upstream of the cleavage
site, and CFIm can bind to these
elements and direct AAUAAA-inde-
pendent poly(A) site recognition (Ven-
kataraman et al., 2005). Thus CFIm
functions in 30 end formation through the
recognition of auxiliary sequence
elements that modulate the recognition
of noncanonical poly(A) sites.
In this issue of Structure, the Gilmartin
and Doublie´ laboratories report on the
crystal structure of a CFIm25/CFIm68/
RNA complex that yields several unantic-A
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Figure 2. Proposed Role for CFIm in Regulating Alternative
Polyadenylation
(A) A hypothetical mRNA containing three UGUA CFIm binding sites, two
AAUAAA hexamers, and two U/GU-rich downstream elements. In addition,
a binding site for a microRNA is located between the two core poly(A) sites.
(B) The interaction of CFIm with the two upstream UGUA sites will result in the
use of the upstream poly(A) site and generate an mRNA lacking the miRNA
binding site in its 30 UTR.
(C) If CFIm interacts with the first and third UGUA site, then the downstream
poly(A) site will be used, resulting in an mRNA containing the miRNA binding
site in the 30 UTR. The two different mRNAs will code for the same protein,
but one can be regulated by the miRNA while the other cannot.ipated surprises (Yang et al.,
2011). First, CFIm68 interacts
with CFIm25 in an unusual
manner. Rather than binding
to only one CFIm25 subunit,
each CFIm68 subunit inter-
acts with both CFIm25
subunits at the interface of
the CFIm25 homodimer
(Figure 1).
The main surprise,
however, pertains to the
mode of RNA binding. In the
CFIm25/RNA structure previ-
ously solved by the authors
(Yang et al., 2010), only one
of the two CFIm25 subunits
in the dimer interacted with
the RNA. However, in the
new structure, both CFIm25
subunits interact specifically
with the UGUA RNA. Most
striking is the way in which
the RNA interacts with the
CFIm25 subunits, which has
intriguing mechanistic impli-
cations. Oddly, the 50 ends of280 Structure 19, March 9, 2011 ª2011 Elsevboth RNAs are located near one another
in the center of the complex and are
oriented in an antiparallel manner
(Figure 1). Due to this configuration, in
order for a long RNA such as a pre-
mRNA to bind to CFIm, the RNA between
two UGUA sequences would need to loop
around the CFIm complex. The authorsier Ltd All rights reservedperformed extensive in vitro
biochemical experiments to validate
that CFIm68 plays an important role
in facilitating RNA looping (Yang
et al., 2011).
These results have important impli-
cations regarding the mechanism of
poly(A) site selection and regulation.
It has been shown that CFIm plays
a role in alternative polyadenylation
in both HeLa cells (Kubo et al., 2006)
and male germ cells (Sartini et al.,
2008). Moreover, it is becoming clear
that most human mRNAs have
multiple poly(A) sites and are there-
fore potentially regulated (Ozsolak
et al., 2010; Shepard et al., 2011). It
is possible that CFIm modulates poly
(A) site choice by interacting with
different UGUA sequences within
a pre-mRNA. For example, as shown
in Figure 2, if CFIm interacts with the
first and second UGUA motifs of the
hypothetical RNA, it would allowthe first AAUAAA hexamer to be recog-
nized by CPSF and thus the upstream
poly(A) site would be utilized. If, on the
other hand, CFIm interacts with the first
and third UGUAmotifs, it could sequester
the first AAUAAA hexamer in a loop,
forcing the second AAUAAA hexamer to
be recognized by CPSF, resulting incleavage at the downstream
poly(A) site. Furthermore, if
a binding site for a miRNA ex-
isted between the first and
second poly(A) site, this
would alter the regulatory
capacity of the two mRNAs
and therefore their stability
and potential for translation
regulation.
These results also allow us
to group CFIm with the
splicing factor polypyrimidine
tract binding protein (PTB)
(Oberstrass et al., 2005) as
regulatory RNA binding
proteins that function by
promoting RNA looping. As
relatively few structures of
regulatory RNA binding
proteins complexed with their
RNA substrates exist, it is
important to solve many
such additional structures to
determine the extent to which
protein-mediated RNA loop-
ing is involved in controlling
Structure
Previewsthe myriad of regulated eukaryotic RNA
processing events.
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